Background: Free radicals are highly unsteady reactive molecules containing one or
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the only way to produce free radicals; external factors such as smoking, environmental pollutants, radiation, drugs, pesticides, industrial solvents and ozone also contribute to the formation of free radicals (8) . Free radicals can be derived from oxygen (Reactive Oxygen Species ROS) or biosynthesized from nitrogen (Reactive Nitrogen Species, RNS) or from sulfur (Reactive Sulfur Species, RSS). ROS and RNS can be both radical reactive species and non-radical reactive species. The reactive species includes superoxide, hydroxyl, peroxyl, nitric oxide, and nitrogen dioxide. The non-radical reactive species includes hydrogen peroxide, hypochlorous acid, hypobromous acid, and peroxynitrite. RSS are formed from the reaction of ROS and thiols (17, (43) (44) (45) (46) . Free radicals have several roles in human and animal cells such as the generation of energy (in the form of adenosine triphosphate (ATP) from adenosine diphosphate (ADP)) through oxidative phosphorylation in the mitochondria; the detoxification of xenobiotic by oxidizing enzymes such as cytochrome P450; the apoptosis of effete or defective cells; killing micro-organisms and cancer cells by macrophages and cytotoxic lymphocytes and in oxygenases for the generation of prostaglandins and leukotrienes, which have many regulatory functions (8) .
Even though free radicals play an important role in the body, ROS (and other reactive species) induced oxidation can be the main cause of cellular damage and death and may also lead to many degenerative diseases such as atherosclerosis, cancers, stroke, trauma, asthma, heart attack and others. This occurs because of an imbalance between the systemic manifestation of reactive oxygen species and the biological system's ability to readily detoxify the reactive intermediates or to repair the resulting damage. This phenomenon is called oxidative stress (17, (43) (44) (45) (46) (47) .
Antioxidants: An antioxidant is any substance that when present at concentrations below those of their oxidizable substrate significantly delays or prevents the oxidation of that substrate. During human growth, the endogenous defense system will gradually evolve to maintain a balance between oxidative stress and the defense system. Antioxidant activity can act in various ways, for example inhibiting free radical oxidation reactions by preventing the formation of free lipid radicals; acting as singlet oxygen quenchers; reducing agents which produce stable compounds from hyperperoxide; acting as metal Page87 chelators and acting as inhibitors of pro-oxidative enzymes (17, 45, 47 
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(58, 59) inflammation (42, 57, 60), liver and kidney diseases (61) (62) (63) . Kehili et al., (64) have studied the anti-inflammatory effect of Algerian date fruits in mice. A significant decrease was observed in the edema size, the level of homocysteine in the blood and in CRP values compared to the control group. Vayalil (65) has studied the antioxidant and anti-mutagenic properties of the aqueous extract of date fruit and found that it can inhibit superoxide and hydroxyl radicals, lipid peroxidation, and protein oxidation via free radical scavenging.
Phenolic Acids Content:
The phenolic compounds that are found in date fruit are free phenolic acids, namely protocatecoic acid, vanilic acid, syringic acid, and ferulic acid; and bonded phenolic acids mainly gallic acid, protocatecoic acid, p-hydroxy benzoic acid, vanillic acid, caffeic acid, syringic acid, p-coumaric acid, ferulic acid, and ocoumaric acid, sinapic acid, rutin and trans-cinnamic. The major phenolic acids in date fruits are ferulic, vanillic, and syringic compounds (2, 3, 7, 50, (66) (67) (68) . In dried dates, the phenolic compounds increase during the drying process due to the degradation of tannins by heat and enzymes, which leads to the release of phenolics (2, 3). (77) and others. It was found that more phenolic compounds were obtained using water as a solvent than alcohol (78) . However, there are other factors that affect the extraction efficacy other than the type of solvent. These factors include the concentration of the solvent, the time of extraction, the temperature and the method used for extraction. Al udhaib (79) studied the effect of different solvent types, ratios, concentrations, reaction temperatures and reaction times on the yield of antioxidant compounds specifically phenolic and flavonoids in the Ajwa date. Their findings show that acetone produces a higher extraction of antioxidant compounds than ethanol, with a three-hour reaction time at 65°C, a sample-solvent ratio of 1:20 and 75% acetone. However, Kchaou, Abbes (7) found that 50% ethanol extracted the highest number of phenolic compounds in date fruit.
In addition, the extraction methods used to quantify the phenolic compounds are important. According to Kchaou et al., (82) , the phenolic content estimated by the HighPerformance Liquid Chromatography (HPLC) method was much lower than that determined by the Folin-Ciocalteu method (82) . This could be due to the presence of chemical groups of amino acids and proteins that may react with the Folin-Ciocalteu reagent, and to limitations pertaining to the standard phenolic compounds. Overall, the method of extraction and quantification has a significant effect on the final yield resulting from a specific method. Table 2 shows the antioxidant compounds and antioxidant activity of different varieties of dates. The differences in antioxidant compounds may result from the extraction methods and solvents used. Furthermore, these differences may be due to the variety of the date, the ripening stage, the location of collection, the storage time and the drying method (2-4, 50, 69, 80, 85-88).
Date Syrup: Date syrup is one of the major date fruit products. Due to the excess production of date fruit and its limited marketing and industrial uses, it is more feasible to produce date syrup as it can be stored for longer periods and used as an ingredient for different products. Date syrup is used in products such as breads, dairy products and The process has some advantages, for example a reduced extraction time and the ability to produce syrup with a consistent concentration of total solids. However, heating may cause changes in the quality of the syrup such as a darker color (61, 90) . There are ways to counteract this by using enzymes such as pectinases and cellulose with a specific ratio of date to water (91, 92) .
In date syrup there are less phenolic compounds and flavonoids than in the flesh of the fruit (Table 3) . This might be due to the extraction method particularly when using thermal extraction, which can lead to the loss of these compounds (93) . Moreover, the antioxidants in date syrup are affected by processing conditions (Table 3) . According to Abbes, et al., (61) the antioxidant activities and total phenolic contents in date syrup are greater when processed at lower temperatures, for example (60˚C).
Furthermore, Ganbi and Hassan (93) have compared extraction methods and found that date syrup prepared after extraction with pectinase and cellulase enzymes mixture has the highest flavonoid contents while ultrasonic extraction produces the highest phenolic and antioxidant activity. These enzymes hydrolyze cellulose and pectin components which help to release the antioxidant compounds, leading to an increase in the phenolic compounds (92) (93) (94) . The high efficiency of the ultrasonic extraction is due to the effect of ultrasound waves which cause the cell wall to collapse and release antioxidant compounds (93, 95) . Date syrup can thus be considered a good source of antioxidants, as confirmed in the study by Taleb and others (76) . The study showed that polyphenols in date syrup reduce angiogenic responses such as cell migration, tube formation, and matrix metalloproteinase activity. The study used an inflammatory model, showing antiinflammatory activity mediated by vascular endothelial growth factor (VEGF) and the However, the antioxidant compounds in date seed were higher compared to the date flesh and date syrup as shown in Table 4 .
Pit extracts can be effective in scavenging free radicals and in relation to certain diseases (100-106). Hasan and Mohieldein (101) have investigated the effect of date pit extracts on diabetes by using rats induced with diabetes; the rats were given a certain amount of date pit extract every day and subjected to certain clinical analyses such as weight, blood glucose levels on a weekly base for eight weeks (101) . The results show that the aqueous seed extract leads to a significant reduction of blood glucose levels in diabetic-compared control rats. 
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CONCLUSION
Free radicals are reactive molecules with one or more free electrons. These free radicals can cause damage to organs resulting in chronic diseases. Antioxidants are substances that delay or prevent the oxidation of a substrate. The review showed that date fruits and date by-products, such as date syrup and date pits, are good sources of antioxidants specifically phenolic and flavonoids found in fruit and date syrup and phenolic compounds found in date pits. These antioxidants are extracted by using different solvents to release the antioxidant compounds from the date fruit. The efficacy of these solvents depends on concentration, time, and reaction temperature. Antioxidants showed effectiveness in different studies, which indicates that dates and their by-products have the potential to produce different types of foods and functional foods.
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